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(57) Abstract: Expandable sealant and baffle compositions and methods of forming and using such composilions are provided 
whercm the compositions comprise a nrsi thermoplastic resin, an cpoxy rastn. preferably a second Ihcimoplaslic resin different from 
the first thcmioplasuc resm. and optionally a compound selected from the group consisting of pigments, blowing agenU^ catalysis 
cunng agents, rcinforcers. and mixiurcs thereon The resulting compositions are formed as self-sustaining bodies which can b^ 
heat-expanded into a lightweight, high strength product for sealing hollow structural memben of vehicles, substantially decreasing 
the noise which travels along the length of those mcmbcre as well as strengthening those members with minimal increases in their 
weights. In a prefened embodiments, the first thcnmoplastic resin is an SBS block co-polymer, the cpoxy resin is a bisphenol A-based 
liquid epoxy resm, the second thermoplastic resin is a polystyrene, and the reinforcer is hydraicd amorphous silica. The compositions 
can be formed mto free-standing, self-sustaining pans or into U-sharpcd membens supported on lailice-type nylon supports. 
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SOUND DEADENING AMD STRUCTURAL REINFORCEMENT 
COMPOSITIONS AND METHODS OF USING THE SAME 


Related Application 

This is a continuation-in-part of U.S. Patent Application No. 09/1 86,537. filed 
Novembers, 1998. 

BACKGROUND OF THE INVENTION 
Field of the Invention. 

The present invention is broadly concerned with expandable sealant and baflle 
compositions for sealing hoUow structural members of vehicles, and methods for 
making and using such compositions. The compositions are prepared by fomiing an 
expandable mixture including a first theraioplastic resin (preferably an SBS block co- 
polymer) and an epoxy resin (preferably a bisphcnol A-based liquid epoxy resin). The 
compositions preferably also include a second thennoplastic resin (preferably a 
polystyrene) different from the first thermoplastic resin, and acompound selected from 
the group consisting of pigments, blowing agents, catalysts, curing agents, reiAforcers, 
and mixtures thereof. Theprefemedreinforcersarehydiatedamoiphous silica and glass 
microspheres. The compositions of the invention are injection moldable and can be 
fonned into freestanding, self-sustaining parts. Alternately, the compositions of the 
invention can be supported on lattice-type nylon supports. Upon heating of the 
compositions to temperatures of at least about 300»F. the compositions greatly expand 
to foim lightweight products having high compressive strengths. 

Description of the Prior Art 

During the febiication of automobiles, trucks, and similar over-the-road 
vehicles, many body components present strucniral members having cavities that 
require sealing to prevent the entrance of moisture and contaminants which can cause 
conosion ofthe body parts. It is also desirable to greatly strengthen the members while 
maintaining their light weight. It is also necessary to stabilize these members in order 
to attenuate noise that would otherwise be transmitted along the length or passage of 
the cavity. Many of these cavities are inregular in shape or narrow in size, thus making 
them difficult to properly seal and baffle. 

Many attempts have been made to seal these cavities, graying sealants mto the 
cavity, introducing foam products into the cavity, and using of fiberglass matting and 
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the like. These methods each have their drawbacks. For example, foaming in pi 
presents a problem in that it is difficult to control where the foam travels upon its 
introduction into the cavity. Furthermore, it is often necessary to introduce an excess 
amount of foam into the cavity in order to ensure that the cavity is sufficiently sealed. 
Finally, foams wiU generaUy not adhere to the interior surfaces of the cavity walls if 
those surfaces contain even a small amount of oil. 

Self-sustaining foam products, either with or without a non-foam support 
structure, have been introduced into structural member cavities in an attempt to seal the 
cavities. However, these methods generally result in the addition of excess weight to 
the structural member which is undesirable in most instances. Attempts have been 
made to utilize foam products which are Ughter in weight or which do not use a support 
structure. However, these attempts have generally resulted in products which lack the 
increased compressive strength necessary to adequately reinforce the structural member. 
U.S. Patent No. 5,755,486 to Wycech is directed towards a structural 
1 5 reinforcement member which includes a theinialiy expandable resin-based material. 

The structural member is heated so as to expand the resm-based material, thus locking 
the reinforcement member in place. However, the compositions disclosed in the '486 
patent do not possess sufBcient expansion capabilities. As a result, more of the 
composition is required to adequately fill and seal a particular cavity, thus resulting in 
20 added weight to the car and added expense to the automotive manufacturer. 

Furthermore, the composition disclosed in the *486 patent makes use of fumed silica 
which leads to a product having a high viscosity and therefore unsuitable for injection 
molding of the composition. 

U.S. Patent Nos. 5,373,027 and 5,266,133 to Hanley et al. are respectively 
25 • directed towards expansible sealant and baffle components for sealing and providing 

an acoustic baffle for cavities in vehicle bodies and methods of making such 
components. The components expand qx)n heating, thus sealing the cavity in which 
they are placed. The components arc formed of a composition which includes an 
ethylene-a,P ethyl^ically unsaturated carboxylic acid copolymer, a blowing agent, a 
30 tackifier, and optionally an additive polymer and a cross-linking agent. While the 

compositions of the '027 and '133 patents possess suflBcient expansion capabilities, they 
are not strong enough to make suitable reinforcement members. 

U.S. Patent No. 5,506,025 to Otto et aL is concerned with an expandable baffle 
^paratus for sealing an automobile cavity. The apparatus of tiie '025 patait includes 
35 a piece of heat expandable sealing material fonned in a shape corresponding to the 
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shape of the cross-section of the cavity to be sealed. The sealing material is supported 
by an open lattice support element fonned of material such as nylon. While the 
apparatus of the '025 patent is suitable as a cavity sealant and baflle apparatus, it does 
not provide sufficient reinforcement to the stnictural member forming the civity in 
which the apparatus is placed. 

There is a need for an injection moldable. expandable, lightweight composition 
which acts as both a sealant to prevent the entrance of undesirable components into 
vehicle cavities and a baffle to dimimsh or prevent noises which nonnally travel along 
the length of the cavity. Furthennore, this composition should have a high compressive 
strength so that it reinforces the stnictural members in which it is used. 

SUMMARY OF THE INVENTION 
The instant invention overcomes these problems by providing expandable 
sealant and baffle compositions comprising mixtures of thennoplastic resin(s) and an 
cpoxy resin which are injection moldable and Ughtweight, and which have high 
compressive stieiiglhs. 

In more detail, the conqjositions of flie invention include a first theraioplastic 
resin, usually selected fiom the group consisting of the polystyrenes, rubbers 
(preferably solid rubbers), and mixnires thereof. It is preferred that the first 
thermoplastic resin be a solid rubber or mixtures of solid rubbers. Prefeixed soUd 
rubbers include styrene-butadienenibber(suchas SBR 1009*), nitrile-butadiene rubber 
(such as Nipol 1411*). thennoplastic elastomers inchiding SBS block co-polymers 
(such as Fina Clear 530*), and mixtures thereof (As used herein, "rubber" is intended 
to include aU synthetic rubbers as weU as elastomers.). If the rubber used is an SBS 
block co-polymer, it is preferred that the SBS block. co-polymer have a molecular 
weight of from about 100,000-150,000, and preferably fiom about 110,000-135,000. 
When a styrene-butadiene rubber is used as the nibber, the ratio ofbutadiene to styrene 
is preferably fiom about 32:68 to about 18:82, and more preferably from. about 27:73 
to about 23:77. If the first thermoplastic resin is arubber, then the rubber is preferably 
present in the composition at a level fiom about 20-30% by weight, and moreprefeiably 
from about 23-28% by weight, based upon the total weight of the composition taken as 
1 00% by weight 

If the first thermoplastic resin is a polystyrene, then the polystyrene should be 
present in the composition at a level of fixjm about 5-20% by weight, and preferably at 
a level of fiom about 1 0- 1 5% by weight, based upon the total weight of the composition 
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taken as 100% by weight. It is preferable that the polystyrene have a molecular weight 
of from about 150.000-320.000. and more preferably from about 200,000-270.000. 
Two preferred polystyrenes are sold under the trade names Fina Crystal 500»and Fina 
Crystal 535*. 

5 Thecompositionsfurtherincludeanepoxyresin.prefcrablyaliquid epoxyresin 

such as a bisphenol A-based liquid epoxy resin. The epoxy resin should be present in 
the composition at a level of from about 30-45% by weight, andpreferably from about 
35-40*/. by weight, based upon the total weight of the composition taken as 100% by 
weight. A pieferred solid epoxy resin is available under the traaenamieEpon 1001 F*. 
10 Two preferred liquid epoxy resins are sold under the trade names Aialdite 6010* and 

Epon 71®. 

In a particularly prefened embodiment, the compositions of the inventions 
further include a second thermoplastic resin different fiom the first thermoplastic resin. 
The second thermoplastic resin is likewise preferably selected firom the group consisting 
15 of the polystyrenes, rubben (preferably solid rubbers or thermoplastic elastomers), and 

mixtures thereof. It is prefeued that the first thermoplastic resin be a solid rubber and 
mixtures of solid rubbers while tbfi second thermoplastic resin is preferably a 
polystyrene, with the individUial concentrations of solid rubber and polystyrene being 
those described above. The total weight of both the first thermoplastic resin and the 
20 second thermoplastic resin is preferably from about 25-50% by weight, and more 

preferably from about 33-43% by weight, based upon the total weight of the 
composition taken as 100% by weight 

111 another embodiment, the compositions of the mvention further include a third 
thermoplastic resin in addition to and different from the first and second thermoplastic 
25 resins. The third thermoplastic resin is preferably sele»sted fiom the group consisting 

of polystyrenes, rubbers (preferably solid rubbers or tiiennoplastic elastomers), and 
mixtures tbereo£ In compositions according to the invention which include a diird 
thermoplastic resin, the third resm should be present in an amount of firom about 1-10% 
by weight, and preferably fiom about 3-7% by weight, based upon the total weight of 
30 the composition taken as 100% by weight A prcfeired third thermoplastic resin is a 

solid rubber such as nitrile-butadiene mbber (NBR). When NBR is used as the third 
thermoplastic resin, the ratio of acrylonitrile to butadiene is preferably from about 42:58 
to about 35:65, and more preferably about 38:62. 

The compositions of the invention should also include a compound selected 
35 fiom the group consisting of pigments, blowing agents, catalysts, curing agents. 
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remforcers. and mixtures theteof. Any pigments, blowing agents, catalysts, and curing 
agents known in the art are suitable for use fa the instant invention. Examples of some 
of those compounds and their preferred concentrations in the compositions of the 
invention are set forth in Table 1. It is preferred that the compositions be essentially 
free (i.e.. less than about 0.1% by weight, and preferably about 0% by weight) of 
plasticizers, diluents, and surfectants fa order to avoid the negative effects these 
compounds haveonthecompressivestrengthofthecompositionduringheatmg thereof 
Tablet 


Compound 

% By Wf 

Examples 

Pigments 

0-5% 

Carbon black, zinc oxide 

Blowing 
agents 

0-5% 

Azodicarbonamides such as the following which 
are available from Uniioyal - Celogen AZ 765*. 
Celogen AZ 754A* and Celogen AZ 130* 

Catalysts 

0-5% 

Urea-based catalysts such as NJ>I dimethyl phenyl 
urea and catalysts sold under the trade names 
MBTS®, Dicup* and Urisys U 405* 

Curing agent 

0-5% 

Sulfur, dicyandiamidc, including the curing agent 
sold under the trade name Urisys DDA 10® 


The preferred reinforcers are selected from the graap consistmg of hydrated 
amorphous silica, glass microspheres, and mixtures thereof Glass microspheres are 
particularly preferred because they greatfy mcr«ase the strength of the cured 
composition while only slighUy facreasfag the weight thereof Preferably the 
compositions hereof include from about 1-10% by wdght hydrated amorphous siUca 
and from about 1 0-20% glass microspheres. Utilizmg both of these reinforcers results 
m a composition having a very high compressive strength. Also, hydrated amorphous 
siUca is important for providmg a composition that has high expansion capabilities as 
well as a viscosity (at 110 "Q of less than about 1 500 P. and preferably less than about 
1250 P, so that the composition can readily be injection molded. 

One of the most preferred embodiments of the compositions fa accordance with 
die instant invention includes the followfag: from about 20-30% by weight SBS block 
co-polymer; from about 5-20% by weight polystyrene; from about 30-45% by weight 
bisphcnol A-based liquid cpoxy resfa; from about 0.5-5% by weight carbon black; from 
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about l-10%byweighthydratedamorphoussiLca;fromabout lO-20%byweightglass 
microspheres; from about 03-5% by weight blowing agent; from about 0.3-5% by 
weight catalysts; and fiom about 1-5% by weight curing agent, with all percents by 
weightbeingbaseduponthetotalweightofthecompositiontakenas 100%by weight. 
5 Another particularly preferred embodiment of the invention includes the 

following: from about 20-30% by weight SBS block co-polymer, from about 5-20% 
by weight polystyrene; bom about 0.5-5% by weight of a rubber (e:g., nitrile-butadiene 
rubber); from about 30-*5% by weight bisphenol A-based Uquid epoxy resin; from 
about 0.5-5% by weight of a pigment (e.g.. carbon black); fiom about 1-1 0% by weight 
10 hydratcd amoiphous silica; from about 10-20% by weight glass microspheres; fiom 

about 0.1-5% by weight blowing agent (e.g., azodicarbonamide); from about 0.1-5% 
by weight catalysts (e.g., N^-dimethyl phenyl urea); from about 0.1-5% by weight 
curing agent(e.g., dicyandiamide); and up to about 5%of a accelerator compound (e.g., 
zinc oxide) to lower the blowing temperature of the composition, with all percents by 
1 5 weight being based upon the total weight of the composition taken as 1 00% by weight. 

The compositions of the invention are formed by mixing the first thermoplastic 
resin (preferably soUd rubber) with a smaU portion (about l/40th of the total amount) 
of the q)oxy resin in a heated mixer until die tenqjerature of the mixer reaches from 
about 240-260»F (the temperature of flie mixtuie within the mixer is at least about 
1 75 "F), and the mixture is substantially homogeneous, at which time all of the second 
thermoplastic resin (preferably a polystyrene) is added to the mixer and mixing is 
continued. After the second tbennoplastic resin is substantiaUy mixed with the first 
theraioplastic resin/epoxy resin mixture, the remainder of fiie epoxy resin is slowly 
added to the mixer, stopping and starting the mixer as necessary, with the ingredients 
25 being tiioroughly mixed to obtain a substantially homogeneous mixture. The nssulting 

"premix" can then be used immediately to form the final conqjosition or, altematcly, 
can be formed into a tiiick dieet (proximately 20 mm) via a two-roll mill, cut into 
pieces^ and stored for later use. 

To form the final composition bom (be premix, the desired amount of premix 
is placed in a heated mixa- (set at a temperature of about 250"F) and mixing is 
commenced. While mixing, the desired pigments are added to the mixer and mixing 
is stopped once a homogeneous mixmre is obtained within ttie mixer. While mixing 
is stopped, one of the desired reinforcers is added to the mixer and mixing is resumed 
and continued until the mixture is homogeneous. This stqp can be repeated, adding 
35 additional reinforcers as desired. 


20 


30 
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The temperature ofthe mixer is then set to a temperature below 160^F. When 
the temperature of the mixer drops below 160"F, the desired blowing agents, curing 
agents, and/or catalysts are added and mixing is resumed and continued only until the 
mixture is homogeihebus. The resulting mixture is then preferably extruded into strands 
(at an extruder temperature of 1 70- 1 80°F and screw rotation speeds of about 400 rpm) 
and cut into pellets. AJtcmately, the desired blowing agents, curing agents, and/or 
catalysts can be dry blended with the cut pellets rather than being added to the mixture 
prior to extrusion. The pellets arc then injection molded into the desired shape at a 
temperature ofaboutl80<200Tusinganyinjectionmoldingtechniques and equipment 
known in the art Those skilled in the art will appreciate that the desired shape of the 
molded composition will depend upon the volume of the cavity to be sealed and 
baffled, as well as the configuration of that cavity thus ensuring that the composition 
fully expands into a sealing relationship with the stmctural sidewalls. The molded 
product Chat is formed is a physical mixture, and no chemical reactions have occurred 
prior to the heating ofthe product within the vehicle cavity to a temperature of at least 
about 300'F- 

While the scaling and baffling compositions of the mvention can be 
manufectured as formed, freestanding parts, in other embodiments the compositions can 
be supported on a suj^ort element comprising an open lattice fonned in the same shape 
as ofthe composition, thus forming a sealant and baffle apparatus. Prefen«i lattice 
support elements are fonned of nylon, and particularly glass reinforced nylon. Use of 
open lattice supports allows the composition to expand through the openings ofthe 
lattice upon heating of the composition to a temperature of at least about 300T. This 
structure is superior to the structure in U.S. Patent No. 5,755486 to Wycech as the use 
of a lattice support element adds minuiial weight to the apparatus. 

The expanded composition then adheres to adjacent walls ofthe cavity in which 
the apparatus is placed. Prefenred apparatuses comprise a plurality of U-shaped 
expandable composition structures spaced apart from one another and in general 
alignment, having the lattice support element attached to the three outer surfaces ofthe 
U-shaped structure. This embodiment provides for contact by the composition with a 
greater surface area ofthe cavity walls than is provided by U.S. Patent No. 5,506,025 
to Otto el al., thus providing superior reinforcement of stmctural member fomiing the 
cavity. 

In use, the compositions ofthe invention are fonmed into the U-shaped structure 
described above, or are shaped (in either free standing fonn or some type of lattice- 
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supported fonn) to confonn to the cross-sectional shape of (although slightly smaller 
than) the cavity b which the composition or apparatus is to be used. The fonncd 
composition or apparatus is then placed within the hollow channel or cavity and heat 
is applied so that the composition expands as the epoxy resin is crosslinked and the 
expanded composition adheres to the sidewalls of the cavity resulting in a channel or 
cavity thai is substantially blocked by ttc expanded composition. Optionally, some 
type of fastening device or mechanism can be utilized to secure the composition within 
the channel prior to heat expansion. 

It wiU be appreciated that the compositions of the invention can be used in 
virtually any area of the automotive industry, including body shops, paint shops, and 
automobile manufacturing fecilities. A particular advantage of the compositions and 
apparatuses of the invention is that they can be placed within the desired channel prior 
to conveyance of the vehicle body through a bake oven where the temperahires are 
sufficiently high to expand the composition. 

When die sealants and baffle compositions of tiie invention are subjected to a 
temperature of at least about 300T, the percent expansion of the composition wiU be 
from about 80-220% and preferably from about 95-200% wherein the percent 
e;9ansion (as used herem) is defined as: 

100 X {[(the specific gravity of the composition before heating) - (the 
specific gravity of the conq)osition'aflerheating)]/(the specific gravity 
of the composition after hearing)} 

The expanded compositions have acompressive strength (usag a sample having 
a diameter of 2 inches and a length of 4 inches and a compression rate of 0.5 
inches/minute) of at least about 1200 psi, preferably at least about 1 400 psi, and more 
preferably at least about 1600 psi. Prior to expansion, the compositions have a specific 
gravity (with reference to water) of at least about 0.90, while the specific gravity (with 
reference to water) of the expanded compositions is less than about 0.47, preferably less 
dian about 0.37, and more preferably less than about 0.32. The compositions of the 
invention have a ratio of compressive strengthrspccific gravity after bake of at least 
about 2500:1, preferably at least about 3000:1, and more preferably at least about 
3600:1. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a side elevation view of the preferred U-shaped sealant and baffle 
apparatus utilizing the open lattice support element in accordance with the invention; 
Fig. 2 is a top plan view of the apparatus of Fig. 1 ; 
Fig. 3 is a left end elevation view of the apparatus of Fig 1; and 
Fig. 4 is a fragnieatary sectional view taken along line 4—4 of Fig. 2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Turning now to the drawings, a sealant and baffle apparatus 10 is shown in Figs. 
1-4. The apparatus 10 broadly includes three e^cpandable, U-shaped members 12, 14, 
16 (see Figs. 1 and 2) and a support element 18 (sec Figs. 2 and 3). 

In more detail and refening to Fig. 1 , member 12 includes a base portion 20 and 
two leg portions 22, 24. Members 14, 16 are identical to member 12 in that they each 
include a base portion and two leg portions. Leg portions 26, 28 of members 14, 16, 
respectively, are illustrated in Fig. 2, while base portions 30, 32 of members 14. 16, 
respectively, are illustrated in Fig. 3. In each of members 12, 14, 16, the leg portions 
are substantially perpendicular to their respective base portions. Stated otherwise, each 
of the legs of members 12, 14, 16 is essentially parallel to its counterpart leg on the 
respective member. Members 12, 14, 16 arc each formed of the heat expandable 
compositions of the invention and are prefdrably injection molded as integral members 
into the illustrated U-shape. 

Support element 1 8 is formed of three sections, i.e., a base section and two leg 
sections, which are likewise configured into a U-shape. Base section 34 of element 1 8 
is illustrated in Fig, 3 while leg section 36 is illustrated in Fig. 2. The final leg section 
. 38 of element 18 is shown in phantom in Fig. 1. Each of sections 34, 36, 38 of support 
element 1 8 have a latticework structure and are formed of a material having a melting 
point higher than the temperature at which members 12, 14, 16 expand. A preferred 
material for element 1 8 is nylon, and particularly glass reinforced nylon. 

The outside planar surfaces of the base and leg portions of members 12, 14, 16 
are preferably formed with depressions (indicated by double lines 40 in Figs. 2 and 3). 
These depressions correspond in both size and shape with the size and shape of the 
latticewoik of element 1 8. The depressions are preferably at least as deep as the lattice 
is thick, and act as a retaining mechanism so that element 18 remains attached to 
members 12, 14, 16. Thus, the expandable composition of wbch members 12, 14, 16 
are formed protmdes somewhat through the lattice openings of element 1 8 (as indicated 
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by numeral 42 in Figs. 2-4). Element 1 8 can be fonncd so that each of the sections 34. 
36. 38 are integral, or alternately, each' of sections 34, 36. 38 can be formed separately 
and connected by some fastening mechanism (such as cUps or snaps) around the 
members 12, 14, 16ofthe ^paratus. 

In operation, the apparatus 10 is positioned within the channel of a hollow 
member (such as within a vehicle). The apparatus 10 can be positioned at any angle 
and orientation as dcteraiined appropriate by one having ordinary skill in the art. For 
example, the base portions 20. 30. 32 and base section 34 of apparatus 10 can be 
positioned against the lower wall of the channel, while the respixtive leg portions and 
sections of apparatus 10 would be positioned against the sidewalk of the channel. Or. 
the apparatus 1 0 could be inverted so that the base portions 20, 30. 32 and base section 
34 are positioned against the upper wall of the channel 

Once the apparatus 1 0 is positioned within the channel, the apparatus 10 is flien 
subjected to heat (such as by passing the vehicle through a bake oven), preferably 
having a temperature of at least about SOCF. The heat application will cause the 
composition to expand in all directions, thus protruding even fiather through the 
openings of the latticewoilc The expanded composition will then adhere to the waUs 
of the channel, securing apparatus 10 witfjin the channel. 

While the figures illustrate an embodiment utilizing a support structure for the 
compositions , of the invention, diose sldlled in the art will understand that the 
compositions of the invention do not require a support structure and can be used in a 
freestanding, self-sustaining form. Also, numerous otiier support elements can be used 
with the compositions of the invention depending vpoR tbe particular sq>plication. 

EXAMPLES 

The following examples set forth prefened compositions and methods in 
accordance widi the inventioa It is to be understood, however, that these examples are 
provided byway of illustration and nothing therein should be taken as a limitation apon 
the overall scope of the invention. 

EXAMPLE 1 

1. Preparation of Premix 

A mixer (Moriyama Company, J^an) equipped with a ram was used to prepare 
a premix. The temperature of the mixer was set to 210'F, and 266.67 grams of Fina 
Clear 530* (SBS block copolymer) was added to the mixer followed by the addition of 
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about lOgramsofAralditeeOlOfdiquidepoxyresin). The ram was lowered and s.ow 
m.x,ngwascommenccdwhenthetemperatureofthemixerhadreached200«F Mixing 
was contmued until the mixture was substantially homogeneous, and the temperature 
display indicated 250"?. At this point, the ram was opened and 133.33 grams of Fina 
Crystal 500« (polystyrene) was. added to the mixer. Mixing was continued until the 
material in the mixer became substantially homogeneous. The remainder of the 
Araldite eOlff* (about 390 gmns) was added to the mixture slowly, in small 
mcrements. with mixing canied out between each addition. 

Alter all of the Fina Qystal 500» was added, the resulting mixture was 
thoroughly mixed for about 5 minutes, and the material was then transferred to a 2-rDU 
mill. The material was milled into sheets having a thickness of about 20 mm, and cut 
into pieces to be used later. 

2- Preparation of the TntP^n^H jate rnmpnnp ^ 

In this step, a Moriyama mixer equipped with a ram was also used, with the 
temperature of the mixer being set at 250"F. The premix made in Part 1 of this 
Example was added to the mixer. Mixing was commenced, and 10 grams of carbon 
black (pigment) was added to the mixer.. When the mixture became homogeneous, 
mixing was stopped. 60 grams of HiSil 233« (hydrated amorphous silica) was added to' 
the mixture, and mixing was resumed. Mixing continued until the mixture was 
homogeneous, at which time mixing was again stopped and 140 grams of Scotchlite 
S60/10.000» (glass microsphere5)was added to the mixture. Mixing was resumed and 
was continued until the resulting mixture was homogeneous. The temperature of the 
mixer was set below 160«F. When the mixer temperature cooled to below 160«F, 16 
grams of Celogen AZ 765« (blowing agent) and 64 grams of Urisys DDA 10« (curing 
agent) was added to the mixer and mixing was resumed and continued only until the 
mixture was homogeneous. 

^- Pglletj^tjon 9f thg Tntrrmrdiate Cnmpnnnrt a n d Iniectinn M^ldinir of t^ . 
Pellets 

The compound formed in Part 2 of this Example was fed into the inlet of a 
single screw extruder set at an extruder temperature of 175"?. The screw was rotated 
at a speed of about 400 rpm. and the stranded compound was cut into peUets as it 
emerged from the die positioned at the outlet of the extnider barrel. The die used was 
one designed to make pellets ofsuch a size that 90 (± 10)ofthe pellets weighed 1 gram. 
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The pellets were added to the hopper (not equipped with a stiircr) of a 
conventional injection mold machine and molded into the desired shapes at about 
190^F. 

5 * 4. Test Properties of the Molded Prodnrt 

The mechanical properties of the compound were tested. Those properties are 
reported in Table 2 below. These tests were carried out as follows on 1 0 mm thick, 1 
in. X I in. portion s of the prodiict prepared as previously described: 

10 (1) Specific Gravity Before Bake. 

(2) Specific Gravity After Bake - The composition was placed in an 
oven heated to 325 ^F. The composition was kept in the oven 
for 1 0 minutes after the temperature of the composition reached 
325 °F (referred to as 325 °F for 1 0 minutes Metal Temperature), 

1 5 The composition was then removed from the oven and allowed 

to remain at room temperature (RT) for 60 minutes (referred to 
as RT for 60 minutes). This was followed by 325 ^'F for 10 
minutesMetal Temperature, then RT for 60 minutes, and finally 
250**F for 20 minutes Metal Temperature, followed by the 

20 determination of the q^ecific gravity. 

(3) Expansion After Bake = [(specific gravity before bake) - 
(specific gravity after bake)]/(specific gravity after bake) 

(4) Compressive Strength After Bake - The con^jressive strengtii 
was determined after the following was carried out: the 

25 composition remain in a 350**? oven for a total of 35 minutes; 

RT for 60 minutes; and finally 250'*F for 20 minutes metal 
temperature. 


6NSOOClOc.<dNO_OI80O3M1J.»^ 
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Table 2 
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MECHANICAL TEST 

RESULTS 

Specific Gravity Before Bake 

0.96 

Specific Gravity After Bake 

0.38 

Percent Expansion 

153 

Compressive Strength, psi» 

■■ TV. r^- - : ~ — 

655" 


o w wvcn lor lour 

hours and tested ^mediately upon removal from the oven 
Several tests ofAe compressive strength were conducted 
on this sample. This mimber is ifae snrige of the results of 
ail tests conducted. 


15 


20 


EXAMPLE 2 

Amolded compound was formedfollowingtheprocedures set forth in Example 
1 except that the following components and concentrations were used: 133 33 grains 
of Fina Crystal 500»; 266.67 grams of Fina Clear 530*; 400 grams of Araldite 6010»- 
10 grams of carbon black; 4.8 grams of zinc oxide (pigment); 45 grams of HiSil 233»- 
155 grams of Scotchlite S6a/10.000»: 30 grams of Urisys DDA 10«; 4 grams of Urisys' 
U 405* (catalyst): and 6 grams of CelogeaAZ 130* (blowing agent). The catalyst was 
added at the same time as the blowing agent and curing agent. The final product was 
tested foritsmechanical properties as described inExample 1 and as set forth in Table 


25 


30 


35 


Table 3 


MECHANICAL TEST 

RESULTS 

Specific Gravity Before Bake 

0.95 

Specific Gravity After Bake 

0.37 

Percent Expansion 

150 

Compressive Strength, psi* 

1419* 

Viscosity (1 1 O^CXP 

1240 


houn and tested munediately upon removal from die oven. 

Several tests of the compressive strengdi were conducted 
on this sample. This number is the average of the results of 
all tests conducted. 


BNSOOCIO; <WO_0188aa3A1 .l.> 


wo 01/88033 PCT/US01/I5M8 

^ \(f 


14 

EXAMPLES 

A molded compound was formed following the procedures set forth in Example 
I except the following components and concentrations were used: 120 grams of Fina 
Crystal 500®; 240 grams ofFinaQear 530®; 40 grams ofNipol 1411* (nitrile-butadiene 
5 rubber); 400 grams of Ajraldite 6010*; 10 grams of carbon black; 4.8 grams of zinc 

oxide; 45 grams of ffiSil 233«; 155 grams of Scotchlite 860/10,000*; 30 grams of 
Urisys DDA 10»; 4 grams of Urisys U 405*; and 6 grams of Celogcn A2 130*. The 
final product was tested for its mechanical properties as set forth in Table 4. 

10 Table 4 


MECHAMCALTEST 

RESULTS 

Specific Gravity Before Bake 

0.9 

Specific Gravity After Bake 

0.39 

Percent Expansion 

131 

Compressive Strength, psi* 

1822" 


^ The test specimeas were aged in a 90^C oven for four 


hours and tested immediately upon removal from die oven. 

Several tests of die compressive strength were conducted 
on this sample. This number is the average of the resuhs of 
20 tests conducted. 

EXAMPLE 4 

Several more compositions were prepared following the preparation procedures 
set forth in the preceding examples. The formulations and mechanical properties of the 
25 resulting compounds are set forth m Tables 5 and 6, respectively. 


wo 01/88033 


PCT/USOl/15548 


Table 5 


Ingredient 

A (grams) 

B (grams) 

C (grams) 

D (grams) 

Fina Crystal 500* 

133.33 

133.33 

133.33 . 

133.33 

Fina Clear 530* 

266.67 

266.67 

266.67 

266.67 

Aralditc6010» 

340 

400 

400 

400 

Epon lOOlP" 

60 




Carbon Black 

• -10 

10 

10 

10 

Zinc Oxide 

4.8 

4.8 

4.8 

4.8 

HiSil233* 

45 

45 

45 

45 

ScotchUteS60/10,000« 

155 

155 

155 

155 

Rubbersil 15a*(hydrated 
amorphous silica) 

— 

40 

— 

- 

Quincy 325* (CaCOj) 



40 


Magsil 399* (talc) 




40 

Urisys DDA lO* 

30 

30 

30 

30 

UrisysU405« 

4 

4 

4 

4 

CelogenA2l30» 

6 

6 

6 

6 


Table 6 


Test Data 

A 

B 

C 

D 

Specific Gravity Before 
Bake 

0.94 

0.96 

0.95 

0.94 

Specific Gravity After Bake 

0.38 

0.42 

0.4 

0.41 

Percent Expansion 

147 

129 

138 

129 

Compressive Strength, psi* 

1526* 

2129* 

1422* 

1621* 


' The test specimens were aged in a 90''C oven for four hours and tested immediately upon removal from 
±c oven. 

* Several tests of the compressive strength were conducted on this sample. This number is the average 
of the results of all tests conducted. 
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EXAMPLES 

This test was carried out to compare the effect of using fumed silica in the 
composition rather than hydrated amorphous silica. The procedure followed to prepare 
the composition was as described in the previous examples. The components and 
concentrations used were as follows: 133.33 grams of Fina Crystal 500*; 266.67 grams 
ofFina Clear 530®; 400 grams of Araldite 6010*; 10 grams ofcarbon black; 4.8 grams 
of zinc oxide; 45 grams of Cabot TS-720* (filmed sihca); 155 grams of Scotchlite 
S60/1 0,000*; 30 grams of Urisys DDA 10*; 4 grams of Urisys U 405*; and 6 grams of 
Celogen AZ 1 30*. The properties of the resulting compound are set forth in Table 7 
below. 


Table 7 


MECHANICAL TEST 

RESULTS 

Specific Gravity Before Bake 

0.93 

Specific Gravity After Bake 

0.43 

Percent Expansion 

il6 

Compressive Strengft, psi* 

1572' 

Viscosity (1 ICC), P 

3600 


* The lest specimens were aged in a 90'C oven for four 


hours and tested immediately upon removal firom die oven. 
" Several tests of the coaq>ressive strength were conducted 
on this sanaple. This numto is the avenge of the results of 
ail tests conducted. 

In comparing these results to the results of the previous examples, it can be seen 
that this compound has a lower expansion than the other compounds. Furthennore, the 
viscosity is much higher than the viscosity of the compound obtained in Example 2, 
where hydiated amoiphous silica was used With such a high viscosity, this compound 
would not be useful in injection molding. 
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EXAMPLE 6 

This test was carried out to detennine the effect on the mechanical properties 
of the composition if no polystyrene was used. The procedure followed to prepare the 
composition was as described in the previous examples. The components and 
concentrations used were as listed in Example2, with the exception that no Fina Crystal 
500* (or any other polystyrene) was used. The properties of the resulting compound 
are set forth in Table 8 below. 


Table 8 


MECHANICAL TEST 

RESULTS 

Specific Gravity Before Bake 

0.93 

Specific Gravity After Bake 

0.38 

Percent Expansion 

145 

Compressive Strength, psi* 

913' 


* The test specimens were aged in a 90^C oven for four 


hours and tested umnediateiy upon removal fiom the oven. 
^ Several tests of the compressive strength were conducted 
on this sample. This nund)er is the average of die zesults of 
all tests conducted. 

EXAMPLE? 

This test was earned out to detennine the effept on the mechanical properties 
of the composition if no SBS (or any other rubber) was used. Preparation of the 
composition was commenced following the previously described procedures. However, 
the preparation was aborted during the preparation of the prcmix because, without the 
use of a rubber, the initial ingredients could not be mixed. 

EXAMPLES 

This test was carried out to detennine how the use of SBR, in addition to SBS 
rubber, would affect the overall properties of the composition. The procedure followed 
to prepare the composition was as described in the previous examples. The components 
and concentrations used were as follows: 120.0 grams of Fina Crystal 500®; 240 grams 
of Fina Clear 530*; 40 grams of SBR 1009* crumb; 400 grams of Araldite 6010*; 10 
grams of carbon black; 4.8 grams of zinc oxide; 45 grams of HiSil 233*; 155 grams of 
Scotchlite S60/10,000*; 30 grams of Urtsys DDA 10*; 4 grams of Urisys U 405*; and 
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6sramsofCeiogea.AZl30-. THe properties of the resultmg compound are set forth 

in rfihle V 


Table 9 


MECHANICAL TEST 

RESULTS 

Specific Gravity Before Bake 

0.9t 

Specific Gravity After Bake 

0.35 

Percent Expansion 

160 

Compressive Strength, psi" 
' Tu. . rr 

1095* 


The test specimens were aged in a 90«C oveo for four 
hours and tested immediately upon removal ftom d>e oven 

Several tests of the compressive strength were conducted 
on this sample. TTus cumber is the average of the results of 
all tests conducted. 
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9. The composition of claim 1 , wherein said nibber is a nitrile-butadiene 
rubber and said epoxy resin is a bisphenol A-based liquid epoxy resin, and said 
composition further comprises: 

from about 0.5-5% by weight of a pigment; 
from about M0% by weight hydrated amorphous silica; 
from about 10-20% by weight glass microspheres; 
from about 0. 1 -5% by weight of a blowing agent; 
from about 0.1-5%'by weight of a catalyst; 
from about 0. 1-5% iiy weight of a curing agent; and 
up to about 5% by weight of a compound for lowering the blowing 
temperature of the composition. 

10. The composition of claim 9, wherein said pigment comprises carbon 
black, said blowing agent comprises azodicarbonamide, said catalyst comprises NJ^- 
dimethyl phenyl urea, said curing agent comprises dicyandiamide, and said compound 
for lowering the blowing temperature comprises zinc oxide. 

1 1 . The composition of claim 1, wherein said composition has a percent 
expansion of from about 95-200% after heating thereof to a temperature of at least 
about 300*'F. 


12. The composition of claim 1, wherein said composition has a 
compressive strength of at least about 1200 psi upon being expanded by heating to a 
temperature of at least 300**?. 
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We Claim: 

1 . A composiHon uscfW for fonning a reinforcing body, said composition 
comprising: 

from about 20-30% by weight of an SBS block co-polymer; 
from about 5-20% by weight polystyrene; 
from about 0.5-5% by weight of a rubber: and 
from about 30^5% by weight of an epoxy resin. 

2. The composition of claim 1 . said composition further comprising from 
about 0.5-5% by weight of a pigment 

3. The composition of claim 1, said composition further comprising from 
about l-iO% by weight hydrated amoiphous silica. 

4. The composition of claim 1. said composition further comprising fcom 
about 10-20% glass microspheres. 

5. The composite of claim 1 , said composition further comprising from 
about 0. 1-5% by weight of a blowing ageiA. 

6. The composition ofclaiml. said composition further comprising from 
about 0. 1-5% by weight of a catalyst 

7. The composition of clahn 1, said composition further comprising from 
about 0.1-5% by weight of a curing agent 

8. The composition 6f claim 1, said composition further comprising a 
compound for lowering the blowing temperature of the composition. 


I 

% 
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13. A method of forming an expandable reinforcing body comprising the 
steps of: 

(a) providing a quantity of a pre-mix, said pre-mix being formed by 
mixing from about 20-30% by weight of an SBS block 
5 co-polymer, from about 5-20% by weight polystyrene, 

torn about 0.5-5% by weight of a rubber, and from 
about 30-45% by weight of an epoxy resin to form a 
mixture and heating said mixture to a temperature of at 
least about 175°F to form the pre-mix; 
1 0 (b) mixing a compound with said pre-mix to form an intermediate 

mixture, said compound being selected from the group 
consisting of pigments, reinforcers, and mixtures 
thereof; and 

(c) mixing an ingredient with said intermediate mixture, said 
1 5 ingredient being selected from the group consisting of 

blowing agents, curing agents, catalysts, a compound for lowering the blowing 
temperature of the mixture, and mixtures thereof. 

14. The method of claina 13, further, including the step of foiming the 
20 intemiediate mixture resulting from nuxing step (b) ixito pellets prior to mi?^g step (c). 

15. The method of claim 13, wherein: 

said rubber comprises a nitrile-butadiene rubber 

said epoxy resin comprises a bisphenol A-based liquid epoxy resin; 

25 ' said pigment comprises carbon black; 

said blowing agent comprises azodicaxfoonamide; 

said catalyst comprises NJ^-dimethyl phenyl urea; 

said curing agent comprises dicyandiamide; and 

said compoimd for lowering the blowing temperature comprises zinc 

30 oxide. 
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